We report BV (RI) C CCD photometric data for a group of seven Cepheid variables in the young, rich cluster NGC 1866 in the Large Magellanic Cloud. The photometry was obtained as part of a program to determine accurate distances to these Cepheids by means of the infrared surface brightness technique, and to improve the LMC Cepheid database for constructing Cepheid PL and PLC relations. Using the new data together with data from the literature, we have determined improved periods for all variables. For five fundamental mode pulsators, the light curves are now of excellent quality and will lead to accurate distance and radius determinations once complete infrared light curves and radial velocity curves for these variables become available.
Introduction and motivation for our study
Cepheid variables are the most important local distance calibrators to lay the foundations of the extragalactic distance ladder. Cepheids in the Magellanic Clouds, and in particular the Large Magellanic Cloud, have played a crucial role in this effort ever since Henrietta Leavitt (Pickering 1912 ) discovered the Cepheid PL relation in the SMC in the early years of the 20th century. Since LMC Cepheids all lie at virtually the same distance, as opposed to Galactic Cepheids which are found over a range of distances, and since the LMC is rich in Cepheids and contains Cepheid variables up to the largest pulsation periods (≈ 100 days), the slopes of the PL and PLC relations are best established in this satellite galaxy. Furthermore, the geometrical structure of the LMC is 1 Guest Investigator, Las Campanas Observatory, which is operated by the Carnegie Institution of Washington 2 Visiting Astronomer, Cerro Tololo Inter-American Observatory, Chile. CTIO is operated by AURA, Inc., under contract to the National Science Foundation basically a simple tilted disk with the NE side closest to us (Caldwell and Coulson 1986; Welch et al. 1987) , which makes it possible to apply relatively accurate position-dependent distance corrections to LMC objects to refer distances to the LMC barycenter, and thus further reduce the dispersions in the intrinsic Cepheid PL and PLC relations. Unlike the slope, the zero point of the PL relation is much harder to calibrate. This step involves the need to determine distances to Cepheid variables with methods independent of the PL relation. The classic approach to solve this problem has been the use of Cepheids in Galactic clusters whose distances can be derived from ZAMS-fitting to their observed magnitude-color diagrams. However, recent HIPPARCOS parallax data on a number of open clusters have shown that the location of cluster main sequences seems to depend, in a stronger way than predicted by stellar evolution models, on the cluster age (e.g. van Leeuwen (1999) ), and as long as this dependence (and perhaps others) is not well understood and calibrated, the cluster ZAMS-fitting method may not be the best way to derive the zero point of the Cepheid PL relation. On the other hand, the determination of the PL zero point, and thus of the distance to the LMC, from HIPPARCOS parallaxes of Galactic Cepheids (Feast and Catchpole 1997) , while of course very attractive as an independent, geometrical method, has proven to be a difficult subject, due to the crucial importance of the correct treatment of biases in these very low signal-to-noise data. The ±8 percent (statistical error only) uncertainty of the LMC distance obtained with this method (Pont 1999 ) is still too large for a galaxy which is our closest neighbor in space and serves as a principal reference object for the extragalactic distance scale. For a long time, the best alternative to derive distances of Cepheid variables has been the Baade-Wesselink method (Wesselink 1946) which utilizes the light-, color-and radial velocity variations of a Cepheid to infer its radius and distance in a way which is completely independent of other astrophysical distance scales. Over the years, the classic approach used by Wesselink has been improved in many respects (for a good review, see Gautschy (1987) ). Perhaps the single most important improvement of the method has been the shift to infrared wavelengths, where the dependence of the surface brightness of a Cepheid on atmospheric parameters like gravity and microturbulence (Laney and Stobie 1995) , and on metallicity (Bell and Gustafsson 1989) becomes very small as compared to optical wavelengths. This has opened up the possibility to derive the distances to Cepheid variables with an accuracy of ≈ 4 percent when the V , V − K or K, J − K magnitude/color combinations are used to derive the Cepheid surface brightnesses in the V or K band. The surface brightnesses yield the angular diameters once the relation between surface brightness and angular diameter has been properly calibrated. Such an empirical calibration was first presented by Welch (1994) using precise, interferometrically measured angular diameters of giants and supergiants in the Cepheid color range, and has more recently been improved and extended by Fouqué and Gieren (1997) . These authors have shown Gómez 1997, 1998 ) that the infrared surface brightness (ISB) technique, as calibrated in Fouqué and Gieren (1997) , yields Cepheid distances from either of its versions (using V , V − K or K, J − K) which are accurate to about 4 percent if the underlying observational data are of excellent quality and the amplitude of the color variation exceeds ≈ 0.25 mag. In V − K, this is the case for most of even the shortest period Cepheids pulsating in the fundamental mode. The ISB technique is therefore an excellent tool to derive direct, accurate distances to Cepheid variables which are likely independent of the stellar metallicity. As an added benefit, they are also largely independent of the absorption corrections applied in the analyses (Welch 1994; Gieren, Fouqué and Gómez 1997) . These latter properties make the method very attractive for an application to extragalactic Cepheids. Here, the obvious target to start with is the LMC for which the necessary data can be acquired with small-to medium-aperture telescopes. The ideal targets in the LMC for the potentially most accurate distance determination with Cepheids are the young, rich clusters. Due to the right combination of turnoff mass, richness and metallicity, a number of these clusters have been found to contain considerable numbers of Cepheids (Mateo 1992) which allow a distance determination to these clusters, and thus to the LMC barycenter, more accurate than that achievable for individual field variables. It is therefore reasonable to expect that an application of the ISB technique to Cepheid-rich LMC globular clusters will produce the as yet most accurate distance determination to the LMC based on Cepheid variables, and allow the determination of the absolute PL zero point (in a given photometric band) with a smaller uncertainty than other methods. In the construction of the extragalactic distance ladder, and in order to take full advantage of the HST Key Project Cepheid observations in other galaxies, this is a crucial step, especially in view of the large dispersion among LMC distance moduli as currently obtained from a variety of objects and methods (for a comprehensive review of this subject, see Walker (1999)). We start our work on Cepheids in LMC globular clusters with NGC 1866. More than 20 Cepheids have been detected in this cluster (Welch et al. (1991) ; Storm et al. (1988) ; and references therein), making it the most Cepheid-rich cluster known in the LMC. Previous work on the variable stars in NGC 1866, and particularly on its Cepheids, has been reviewed in Welch et al. (1991) who were also the first to collect radial velocity data on a number of Cepheids in the cluster field. Recently, our group has reported results on a first Cepheid variable in NGC 1866, HV 12198, from our current study using the ISB technique . In that paper, we also reviewed more recent (> 1991) work on NGC 1866 Cepheids. The purpose of this paper is to present the new optical CCD photometry we have obtained for a number of NGC 1866 Cepheids, including HV 12198. A follow-up paper will present infrared photometry and new radial velocity observations for these same variables. This material will then be used to discuss cluster membership and binarity for the Cepheids in the field of NGC 1866, and to derive their distances and radii with the ISB method. We emphasize that one of the important consequences of many Cepheids being in the same cluster is a sanity check that the actual precision of the technique can be assessed (without the usual fallback explanations of differential reddening, distance modulus, and/or metallicity). While we shall also study the physical and evolutionary properties of the Cepheids in NGC 1866, our principal goal is a truly accurate distance determination to the LMC, which will be further improved by distance determinations to other clusters we are currently working on, notably NGC 2031 and NGC 2136/37.
Photometry of selected Cepheids in NGC1866
CCD images in BV RI (Cousins) filters of NGC 1866 were acquired during fours runs between November 1994 and January 1996. The first sequence of images was obtained using the CFCCD instrument on the 0.9 m telescope of CTIO which has a pixel scale of 0.58 arcsec/pixel, while the remainder of the data was obtained on the Swope 1.0 m reflector of Las Campanas Observatory, using the 1024 x 1024 TEK2 CCD which has a pixel scale of 0.6 arcsec/pixel and a field of view of 10 sq. arcmin. Most of the observing nights were photometric. Integration times of 240 sec in all of the filters produced a S/N for the Cepheids always high enough for photometry at the 0.01-0.02 mag level of accuracy (see below). On all the photometric nights, we observed large numbers of photometric standard stars from the list of Landolt (1992) to tie our observations of the Cepheids to the standard BV RI system. From some 20 local comparison stars on our frames which were checked thoroughly for photometric constancy we established a final local comparison by taking a weighted sum of the intensities of this set of stars, in any of the four filters. The weighting was proportional to the intensities of the local comparison stars which ensured that stars with higher signal to noise ratios got a higher weight. All the photometry was done differentially with respect to this local reference system. Using this differential photometry procedure, we could obtain reliable Cepheid magnitudes on a number of non-photometric nights. Once the images were bias-subtracted and flatfielded, point spread function-photometry was done on them using the DAOPHOT (Stetson 1987) and DoPHOT (Schecter, Mateo and Saha 1993) reduction packages for photometry in crowded fields. We chose to do the automatic finding and photometry down to the faintest objects, and then to identify the Cepheids on the output lists. DAOPHOT was used by one of us (TJM) to reduce the 1994 CTIO images while DoPHOT was used to reduce all the images obtained at Las Campanas. This procedure yielded an independent check on the accuracy of our photometry, on an absolute scale, and the light curve plots (Figs. 1-7) of the Cepheids show that there is excellent consistency (at the 0.01 mag level) between the magnitudes, in all filters, derived with both software packages. An example is shown in Fig. 8 for the V -band magnitudes of the variable HV 12199. We did photometry on the "classical" Cepheid variables HV 12197, HV 12198, HV 12199, HV 12202, HV 12203 and HV 12204 in the NGC 1866 field (for a finder chart of these variables, see Arp and Thackeray (1967) ; Storm et al. (1988); Welch et al. (1991) ) which i) seemed to be sufficiently uncrowded to allow photometry accurate enough for the distance and radius determinations we are going to perform with these data, and ii) have light-and color amplitudes large enough to permit a successful use of at least the V , V − K version of the ISB technique. The individual photometric observations for these six variables are listed in Tables 1-6 . The first column gives the Heliocentric Julian Dates for the mid-points of a BV RI (or V RI) sequence, column 2 the phases from maximum light (see below), and the other columns give the calibrated V magnitudes and B − V , V − I and V − R color indices, each with their respective standard deviations. To check on the capabilities of the DoPHOT routine to do photometry in very crowded fields, we also performed photometry on the Cepheid variable V7 (see Storm et al. (1988) ) which is located in the central region of the cluster. These data are given in Table 7 . As expected, the light curve ( Fig. 7) is much noisier than that for the other variables, ruling this variable (and the other Cepheids close to the center of NGC 1866) out for a distance determination with the ISB technique. We used our new V band data together with the literature V data reported by Walker (1987) and Welch et al. (1991) to derive improved values for the pulsation periods of the Cepheids.
These values differ only slightly from those given and discussed in Côté et al. (1991) ; the agreement is good to 2 -5×10 −5 days.
We can confirm the variable period of HV 12198 as found by Côté et al. (1991) , but the period change is so small that there is no significant difference between their period and ours, and consequently there is no significant effect on the phasing between the data presented here and those of Côté et al. (1991) .
The improved periods are listed in Table 8 , together with modern epochs of maximum light (in V ) of the variables derived from our new data. For the Cepheid V7, the uncertainty of the period is much larger as for the other variables since we only have data from a few epochs and therefore run into aliasing problems. The number of digits given in Table 8 is still significant, however, if we assume that we have adopted the correct period peak. In Figs. 1-7, we show the light-and color curves of the Cepheids, folded on the new periods derived in this paper. Overplotted on the new data are the BV I data of Walker (1987) , and the BV data of Welch et al. (1991) . The new data are more complete and slightly more accurate than the previous data sets. It is seen that for five of the Cepheid variables in NGC 1866, the composite V light curves are now of excellent quality, exhibiting complete phase coverage and very low scatter. Only the two Cepheids closest to the cluster center, HV 12202 and V7, show enhanced scatter in their light curves which is clearly a result of increased contamination in the photometry due to severe crowding. For all of the variables, the agreement of the various data sets in V is excellent. Offsets typically amounting to 0.05 mag between different data sets are visible, however, in the B and I bands. Our new B band data have a tendency to be somewhat redder than the Walker and Welch et al. data, which among themselves also show minor systematic deviations as already discussed by Welch et al. (1991) . The V − I data show the same trend, but for a few stars, like HV 12198 and HV 12199, the agreement between our and the Walker data is very good. It is likely that these small zero point differences have their origin in different amounts of contamination by nearby blue and red stars due to different pixel scales in the CCDs used by the different authors, or are simply a consequence of small systematic errors in the transformation to the standard system. In this context, we are very confident that our magnitudes match the BV RI standard system very well. We find formal rms uncertainties for the transformation to the standard system of ±0.014 in B, ±0.015 in V , ±0.018 in R, and ±0.017 in I, and these small uncertainties are supported by the excellent agreement of the CTIO and LCO data sets in all of the filters which were reduced in a completely independent way.
For the V , V − K infrared surface brightness distance and radius determination for which these data were principally obtained, it is comforting to see that the V light curves of five variables are now very accurately defined, and that in this band there are evidently no zero point problems in the photometry. These five Cepheids are therefore excellent candidates for accurate distance determinations once their K light and radial velocity curves become available. We are currently working on this. This preprint was prepared with the AAS L A T E X macros v5.0. 
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